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MARINE CASUALTY ANALYSIS USING
SHIP-HANDLING SIMULATOR

It isl said that more than 80% of the cause, for marine casualty are human according to the accident
analysis. In this paper, we 4zscuss the relation between the causes of accident and human error. Human
errors, that cause the marine casualties are divided into the following two categories;

Category 1: Operator cannot accomplish the standard function
Category 2: Operator accomplishes the standard function

i;:r};z:gsflgf ﬁlflSt category, the doze, drunk, mental and physical fatigue and the lack skill are corre-
s m.e ntiga g, the human error being _treated as the causes of accidents are ot divided into the cate-
Fortheprey ’;ff above. The causes of accidents in two categories are treated as human errorin a lump.
termeasur, e:n ion of accidents, the countermeasures for each category differ from each other. The coun-
When the f ortthe prevention of accidents based on the category 1 are education and enforcement. But
category g’; erator who belongs to category 2 occur the accident, the countermeasures corresponding to
way to'p duarzet not proper. Because he have sufficient ability and normal condition, 1t 15 1ot reasonab
sures for e and enforce for getting the standard skill. There must be more rational countermea-
isimpoftrwe"tmg the accident in category 2.
15 Usyq]] ; o .CZ‘?“T the causes of accident which occurred relating to the category 2. But the research
Y very difficult because of operator acting the wormal handling. As a result, proper counter-

Meas :

an cﬁ:e,f,‘;’ﬁl’;"t l:ipp lied. Generally speaking, most of causes of vehicle accidentssuchas aircraft, ;e}s;gl

Tespons fbili]ty Ee as human error. In case of vehicle accidents, most qf the operators are pursued t z;
action b ecause operators decide the final action which was a direct cause of the accident, in spt

Inthig e doed on the normal decision which are commonly made by standard operators. '

e el the accidents in category 2 are discussed in order to clarify the methods how to recognize

Struct = :
ure of this accident and the methods of researching the causes and countermeasures:

1. THE RELATION BETWEEN THE ACCIDENTS AND

HUMAN ERROR

enthe
Etandard as timdard operator made the action whichis the
i humap eerf p‘;r&tofsl then the accidents occurred. IS 1
Tespo - XOr? If we accept it as a human error can we point um £ )
Mate t}}\):tnslbﬂlty? From thepview point of prevelnﬁng accidents, it ltsh eafs;; et:(:) f:tt\le
eother standard able operator will do the sameé actionin theia

actions madeby

sameas :
t proper t0 judge l}ls ac-
int him thath
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ituations and the accident willoccur. In order to prevent the same accidents,
1Sta:;rl i:lct:szgfynio find the condition in which standard able human acts normally
handling without accidents. =

The human’s action would be the same under the same condition beca_use of
education and enforcement. In order to discuss the relation betvyeen t'he accidents
and human error, we assume that the human mentioned z}bpve is having the stan-
dard ability and the giving conditions are ship’s characteristic, rules of road, traffic
condition and natural environment. The relations among the conditions, accident
and the human error corresponding to category 2 are discussed. 4 kinds of relation
are proposed as follows;

Case 1.

The accident occurred and is caused by human's action type A which is in-
duced by condition type A. The human characteristics (A) generates the action (A)

caused by condition (A). The accidents caused by human error in category 2 are be-
longing to this case.

HUMAN
CONDITION CHARACTERISTICS ACTION ACCIDENT
@) @) @)

Case 2.

; In this case, the human characteristic
thing to be improved. Therefore this hum
corresponding to the condition (A). The

s differ from type A to type B by some-
an characteristics generate the action (B)
accident does not occurre because of hu-

HUMAN
CHARACTERISTICS ACTION NON -
B) (B) ACCIDENT

In this case, the human characteristics i
; are still of A). ionis (B) b

tI}{e effect of the Support system and the accident will nggé:cir)inT?e"? Ctlic?) nc>lrs1<(ill'3t)1'or}I
(A) and human characteristics (A). S

(surror svsrav )
MAN

man’s action type B

CONDITION
(4)

Case 3,

NON -
ACCIDENT
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Case 4.

The accident does not occurre because of human'’s action (B). Though th
human characteristics is (4), Fluman action differs from (4) to (B) bec)ause of %gndf
tion changing from (A) to (B).

HUMAN
CONDITION| |~y ApACTERISTICS |3 ACTION NON -
(®) A) (B) ACCIDENT

From this concept, the accidents will be prevented by changing from Case 1
to Case 2 of Case 3 or Case 4. In order to change the human action from (A) to (B),
three patterns can be considered. The first one is to improve the human character-
istics by special training and education. These countermeasures correspond to
Case 2. The second one is not to change the human characteristics. The action
would be changed by support system which improves the human characteristics
virtually. A new control apparatus for handling is one of these support systems.
These countermeasures correspond to Case 3. In the case of Case 4, the condition is
changed by applying new traffic rules, and new types of ship etc.

In order to prevent the accidents in category 2, the countermeasures men-
tioned above are proper methods. The concrete methods depend on the causes of
accidents. So it is important to clarify the causes of accidents. In the following sec-
tion of this paper, one example of the accidents analysis, that were carried out for
studying the causes of accidents using ship handling simulator, are described.

2. COLLISION BETWEEN YUYO-MARU AND PACIFIC ARES

On 9*Nov. 1974, Yuyo-maru proceeded to north bound in Nakanose fairway in To-
kyo bay in Japan, stibility V\?as 2.0 miles. Yuyo-maru was LPG tanker, 43,724 GT,
227 m in length and 35.8 m in width. Nakanose strait is one way fairway. Pacific
Ares proceeded to west bound from Kisarazu harbor. Pacific Ares was ron material
carrier, 10,875 GT, 154 m in length and 22.2 m in width. The piloton Pacific A]rs (be-
Ing abbreviated as PA.) left ship after informing that Yuyo-maru (being a rew;
ated as Y. maru is coming from port side through Nakanose fairway. Mastgrh o

Y-mary recognized PA. at the distance of 2 miles and stgrted to decelerate o ! ecr1
Speed at the point of 1389 m on this side of the encountering point. PA. proceede

Without avoiding action until the collision. They madeﬁcolli;iox&:iiz ;lgg flrel;(:‘;ﬁtt‘;\ré
i iti i ips situation.
g position. Fig. 1 shows the process of two ships situa i c}i,dent e

Persons, on PA. died and 5 person on Y. maru died. This aca cause :
P€ople an extreme shock. Fig. 2, shows the newspaper informing this ?Ii?lgxe:\l:s?cfr
ter the collision occurred, Y. maru and PA. were in flames. Y. ;11211(11; “:bagmbing

0 days, Finally, she was towed out of the Tokyo Bay and s y -

3. SIMULATOR STUDIES

to analyze the causes of accident

In this section, the contents of simulator studies ot e

are shown, In order to simulate the accident con
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have examined the following documents and data proposed by the Japa-
tics, we
nese Maritime Court.

(13.37 COLLISION ) %
i

500 1000(m)

Fig. 1 The process of collision between Y. maru and PA.

—6 Dead, 28 Missing in Fire—

LPG Tanker, Freighter
olid in Tokyo Bay

YOROMAMA—AI 29 crewimen aboard a Liher-
tan [reighter were feared ta have been killed in a
fire triggered by a eoliision Saturday sfternoon with
3 capacityloaded Japanese liqueficd pefreleum gas
(LP'G) tanker in Tokyo Bay,

K peraes mere foged
y W

C ;)

£row riembers of the Libeoan
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Fig. 2 Newspaper informing the collision accidents

Estimation of ship’s maneuvering characteristics
The characteristics of Y. maru and PA. were estimated b ing datd
: : A d on the following
and simulated usin mathematica] i s 317 tion

i acy.g model which could estimate the ship’s mo
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(1) The results of trial test.

(2) The table of principal dimensions

(3) The numerical estimation for speed control
(4) Others

Realization of the condition and the process

The environment of the accident situation was examined using the following the
data and realized with high accuracy and realistically by ship handling simulator
at the Tokyo Univ. of Mercantile Marine.

(1) Arrangement of sea buoy

(2) visibility

(3) Both ship’s initial position course and speeds

(4) Others

Contents of simulator studies

In this studies, as the behavior of the operator on PA. could not be known, the beha-
vior of the master on Y. maru was discussed. The objects of simulator studies are theac-
tion of the master on Y, maru and the motion characteristics of Y. maru. In order to
darify the causes of accident, the effects of the following factors are examined:

(1) Timing to start avoiding the action.

(2) Methods for avoiding collision.

(3) Rules of road.
(4) Ship’s maneuvering characteristics.
4. ANALYSIS
Collision avoiding timing

The time to start the avoiding action is a very important factor which decides, the
accomplishment of the collision avoidance or not. The master of Y. maru 1ecog-
nized PA. atabout 2,700 m on this side of encountering pointand startavoidingac-
tion at 1,389 m. The time to be considered for discussing the effect on the collision
avoiding can be set at the position between the point of 2,700 mand the pointof 1,

89 m on this side of encountering point.
(1) Start to maneuver at the point of 1,389 m : .
de of encountering point

Initial position of Y. maru was 1389 m on this side of ENC :
Where the mgster of Yf)maru started to avoid the action. This pointis calle% AT :ln
efollowing sentence. 4 skilled masters started to maneuverin Nakanolie a“e tow dZ
and made action to avoid collision at the time when they cons iereeds lik‘\,e was
It The contents of avoiding action were restricted, as only speed control they

appli R X ?
plied for avoiding collision by master on Y. maru01 S aster began

Fig. 3 shows the time history of engine contr Lt
:he deCEIQraﬁng to avoid col]jsionyimmediately just a_fter. the Tllaé‘fxl;‘tlgggcgcorax\ :
plis ed. As the results of avoiding actions, all of their objective €0
hed and collision occurred in every case:

(2) Start to maneuver at the point of 2,700 m
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Main engine control

3796.6 2000

Distance to the encountering point (m)

Fig. 3 The time history of engine control started from A.T.

Main engine control

LERY e —.Fi ¥ 11 'L Y 1 oas J':
3796.6 200 0

Distance to the encountering point (m)

Fig. 4 The time history of engine control started from R.T.

Assumed position corres
& : ponded to th,
recognized PA.. This pointis called AT in th:

Fig. ; : :

not smr:%o4lf:r?d‘},: ttltlxz t;me'dhilitory of engine control mode. In this case, all of them did
ment. Each master starte‘:iotlo dt;gc::fct:g? l}?‘mediately- They kept her motion for a mo-
necessity to avoid collision by himSelfether speed at the time when he considered the

navigated - €y were not at the timin they
gated out of fairway, they reformed the avoiding acﬁonsea;}jeer o ﬁgg}éﬁﬁnw—
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. «tiation. It is the particular handling characteristics in fai i
ing situation. It is the partict g eristics in fairway why they didn’
make av01d1ng. a'lctJon earher'. Anyway, all the masters in this };imui,atorystudie;
avoided the collision. But the distance at the closest point of approach was very small.

Collision avoiding methods

In the previous section, the contents of avoiding action applied only speed control
that was applied for avoiding collision by master on Y. maru. Now we cannot esti-
mate why master on Y. maru did not change her course by steering the rudder for
avoiding the collision. We tried to confirm the effectiveness of changing her course.
Two cases were applied, one was to avoid using rudder control, the other was to
avoid rudder and speed control.

(1) Applying the rudder control to avoid collision

4 skilled masters started to maneuver from position of 1389 m on this side of
encountering point in Nakanose fairway and made action to avoid collision at the
time when they considered to have to doit. The contents of avoiding action were
restricted, as only heading control was applied.

The distance at the closest point of approach (DCFA) caused by heading
control for avoiding collision were examined, based on the numerical simulation.
The results of simulation are shown in Fig. 5. The contents of avoiding maneuveris
to carry out the parallel shift maneuver shownin Fig, 6 because of navigatingin the
fairway. The DCPA is 320 m when the avoiding action started at the point of AT.
The relation between the starting point and DCPA are shown in Fig. 5.

Table 1 shows the DCPA which are obtained by simulator studies. All mas-
ters could avoid the collision.

(2) Applying the rudder and speed control to avoid collision

DCPA(m

320 ;f‘

100

%30 1000

Distance to the encountering po

int (m)

; ; ; j trol.
Fig. 5 The relation between DCPA and starting point using heading con

iti 1389 m on this
sid. > skilled masters also started to maneuver from pos1u9nncii e
o encountering point in Nakanose fairway and madeacto
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at the time when they considered to have to do it. The contents of avoiding action
were not restricted. All masters could avoid the colhsu{n. S :

Table 1 shows DCPA as the results of simulator studies in this secg%n. "[the D_C.PA
in case of avoiding collision using speed cor_ﬂ_rol on_ly from [_\.T were 1 ) Iiln, collision
occurred. The DCPA in case of avoiding collision using hpgdmg_ control only or head-
ing and speed control from A.T were over 129.0 m; COlllSlO'n did not occur '

By the results of this section, it is said that the heading controlis an effectlye
measure to avoid collision. But most of the masters, cannotapply these character_ls-
tics effectively in fairway. Three of the masters who operated in simulator studies
obtained DCPA under 200 m.

Table 1 DCPA concerning the control methods

DCPA (m)
Speed Heading Speed/Heading
A 0.0 3409 356.0
B 0.0 174.3 154.5
(¢ 0.0 172.2 188.5
D 0.0 164.0 129.0

Compulsory navigation in fairway

The master on Y. maru made the action to avoid collision by speed control, and not
by other control. We estimate that his action was affected by navigating in the fair-
way, the human characteristics of operation in the difference area were examined.
The same encountering situation was assumed in the open water area. 4 skilled
masters also started to maneuver from position of 2700 m on this side of encounter-
ing point apd made action to avoid collision at the time when they considered to
havg todoit. .The contents of avoiding action are not restricted. Ail masters could
avoid the collision. Fig. 7 shows the position where each master started the action
:;)1 :;(::Se Eihg rcxflhlflox(;}n All masterls started the action earlier than in the fairway and
ea control. igation i i
masters contrglled usingg speed ar?é?uiislf: of navigation in fairway, half of the

From the results of these sj i 5
e e simulator studies, standard human operator nav:

tendency to delay the avoiding acti d to apply
the control by d 5 S Y the avoiding action and to app.
open water ai,ea.e EReitieships speed comparing to the navigation in the

Maneuverability

ference of maneuverablifjht; I%C:hon very 51°W1_y- We tried to discuss the effect o'f dif-
ence between Y. ma : ship was applied to discuss the differ-

ru and ; ;
characteristics, another ships that have better maneuvering
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DISTANCE b'wn
CENTER of GRAVITY

= RIGHT SIDE of F'rw'y

Fig. 6 The contents of avoiding action using heading control.

The assumed position corresponded to the position where master of Y. maru
recognized PA.. 4 skilled master also handled and started to maneuver in
Nakanose fairway and made action to avoid collision at the time when they con-
sidered to have to do it. The contents of avoiding action were restricted, as only
speed control was applied for avoiding collision by master on Y. maru. In this case,
all of them did not start to handle the avoiding action immediately. They kept her
in motion for a moment. Each master started to decelerate her speed at the ime
when he considered the need to avoid collision by himself, they were not at the
same timing. Anyway, all masters in this simulator studies avoided the collision.
; Fig. 8 shows the relation between the DCPAand starting point for decelerat-
Ing her speed concerning Y. maru and the container ship respectively. The starting
Position of the container ship was closer than the one of Y. mart. In spite of a closer
pomt, DCPA were greater than DCPA of Y. maru. e

. Furthermore, by numerical simulation based on the maneuverm%i artérlol
teristics of a container ship, it is possible to avoid collision when the spee con
started from A.T. I

From the above discussion, the maneuvering characteristics were strongly

effected in this accidents.
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2500 2000 1500 1000 7/ O

Distance to the encountering point (m)

Fig. 7 The starting point of avoiding action in the fairway and open water

DISCUSSION
Collision between Y. maru and PA.

The water area near the exit of the fairway is a complicated place because of the switch-
ing of two traffic rules. The ship proceeding in the fairway must keep her track in the

irway and can proceed without avoiding the ship which crosses the fairway. The ship
intending to cross the fairway has, to avoid the ship proceeding in the fairway. When
two ships encounter at the water area near the exit of the fairway, whatis the best way to
avoid collision? In the case discussed in this paper, the master on Y. maru recognized
that PA. was the ship crossing the fairway and expected that PA. would avoid Y, maru.
The operator on PA. died, we cannot know what he thought of this situation.

Cany BDO e {54 T L T T T T
E 2 Container ship -
< 52
o Yuyo-maru

O ! ALt

)

400_.j

200} /-

:',:..;'.:.'_ it
] 2000 1600
Distance to the encounte

ring point (m)

18 point of avoiding action i 0 mary
and a container ship. & gty
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In this section, we hax{e d.iscussed the human characteristics of who i
operatoron the ship progeedmg in the fairway, thatis the master of Y. mawru%l; ﬁhé
results of simulator studies, the following characteristics have been obtained:

(1) The avoiding action of the operator on the ship proceedingi i

tends to delay for the ship crossing the fairway.p ; By

(2) Theavoiding action of the operator on the ship proceeding in the fai
tends to make mainly speed control PP SHtIC alyvay,

After this accident, the Japanese Coast Guard set the sea buoy on the ex-
tended line of Kisarazu fairway and the ships coming from Kisarazu fairway are re-
quired to proceed north of the new buoy. These countermeasures are intended for
ships coming from both direction that will not encounter at the water area near the
exit of Nakanose fairway. By this countermeasures, the accident like an this case
will not have occured.

Countermeasures for preventing the accidents.

We discussed the relation between the accidents and human error in section 1 of
this paper. The accident discussing in this paper was judged as caused by human
error. Most of the skilled masters handled the same action as the master on Y. maru.
The same accidents will occurr in case of not making effective countermeasures.
The causes of this accident should be judged as category 2.in section 1. From these
re§ults, it is well known that the same situation often appear in the area near the
exit of the fairway such as Nakanose fairway.

When we discuss the content of the countermeasure for this accidents, thg
countermeasure by the Japanese Coast Guard is the proper one, because no acd-
dents like the accidents of Y. maru have occurred.

_ Itisalways said that the causes of accident and countermeasures to prevent
accidents that belong to Category 2 are found difficult. The causes and measures of
accidents in Category 2 are discussed referring to the Y, maru accidents. The coqxt;
termeasures by].C.G, setting new buoy, correspond to the Case 4. The master, Wi
Standard skill, maneuvers in Nakanose fairway safely withoutany support syséem
and because of the change of the trafficrules, the conditions have been Chat;ge iiot
did Meanwhile, the handling by an excellent skilled operator, %‘\Ch ?ls :rf sys:
; Not make the accidents, this situation correspond to Case. 2. 1he fitrl)\}; e
;;n which gives inform the proper time tostart this avoidingactionand thep

Y of avoiding corresponds to Case 3. slways occurred
b The accidents do not occurr by single error or event, they alw’ yf R

Y Several events that ha tinuously in a chain. AS the causes of acciC
aTe gl e ppen con y o found out. Itis not
oo, arified respectively, the methods to remove the causes af ¢ chains. The best
met}fsary to remove all the causes, it is important to cut the -fjrrﬁts and efficiency.
od for selecting the measure dependson the klpd of accthe S rror in Cate-
g0 The concept concerning the structure of accident by hum

i
S necessary and useful.

6. CONCLUSION
jmportant. Human

The relap:
e oieclathn between the accidents and Human error e "ei,’:m in section 1. The
AUSing the accidents are divided into 2 categories ®
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in category 2 are mainly discussed because the countermeasux:es for
fél;g\;gr;rﬂrre simplge };anuse these Zauses are the lack of normal human abilities.
In the case of category 1, the education must be done. - :

In the process of accidents belonging to category 2,itis necessary to discuss
the relation among the condition, human characteristics, human action and acci-
dents, In order to prevent the accidents caused by human error in category 2, the
understanding of the process is very important. Three concepts for preventing ac-
cidents are proposed. The necessity and effectiveness of the.s}e concepts are con-
firmed through analyzing the great accidents occurred in Japan. The ship
handling simulator is very useful for analyzing the causes of marine casualty and
human characteristics. Through the simulator studies, the countermeasures can be
suggested.

Many accidents that were judged as the results of human error have oc-
curred all over the world. Some of them were better understood, if they belonged
to category 2. In this case, the countermeasure pointing the loss of human ability
are not the complete ways. This measure means that the same accidents will occur
again by the same error by standard operators. To say again, in these cases, the
countermeasures that are indicated in section 1 of this paper are necessary. The un-
suitable measures have been used in many cases up to now.

Sazetak
ISTRAZIVANJE POMORSKIH NESRECA BRODSKIM SIMULATOROM

Govoriseda jeljudski faktor uzrok 80 posto pomorskih nesreéa, a to 0izlaziii ize ti o
: : , zlazi i iz analize tih nesreca. U
m;?nn; rse k?}zldu raspravlja 0 odnosy 1zmedu uzroka nesreda i ljudskagp};zktom. Ljudski faktor, kao uzrok
ptandasd nesreca, moze se podijeliti u doije kategorije: 1. kategorija: éovjek ne moze obaviti
iI 1: sr;e kz:tdatkg;. 2. ka{egon]u_:.c'pz-)jek obavlja standardne zadatke,
strupgzosti, N;‘g;;ﬁ::fzze ubrojiti i dremuckanje, pijanstoo, mentalni i fiziki umor i nedostatak
faktor, iako se 'II judski fakt, roc;( nesteca, podijeljent u doije kategorije, tretiraju zajednicki kao ljudski
Sl it J : aktor, koji se smatra uzrokom nesrece, ne dijeli u prije spomenute kategorije.
tumjere u sorhu Sprjecavanja nesreca, razlikuju' Se za svaku. kategorijy. Protumgere u svrhu

Vazno je razjasniti uzroke nesrece koji se japligi pedenth ez kategorzji.
provesti zbog toga sto Covjek radi Potglus:l}]? 'vl]a]l'l T kategoriji Takvo je istraZivanje obicno't esko

71e mogu primijeniti. Opcenito govoreg; i OkOInoPtlmai Kao rezultat toga, prave se protumjere
Lavionskih nesreca, te nesreéa na morth

uzrok je upravo ljudski faktor. Kad oyt automobilskih
: Iskim nesreéama, veéing vozaca smatra St

odgovornim buduéi dg sy, u 4 rije_C': e
é Pravo oni d g a je bila i /
u avlz:s: :: te;u koji se tel elji na normalflz_;lzfill:g?‘l;g;u odluku koja je bila izravan uzrok nesrecé;
ra i d i i
pomocu kojih 117‘1 ngzgljaaii:u’itemm? koje Spadaju u druge Kategorife, kako bi se razjasnile metod
ura tih nesreég kg § metodn istraiivan]{a uzroka iprajtumfe’a'



